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(1) Long-term goal of laboratory and research background

Atomic nuclei are substances governed by the nuclear forces, and are thus separated from
atoms or other macroscopic external substances governed by electromagnetic interactions.
However, nuclei interact with the external substances through hyperfine interactions
owing to the nuclear spin accompanied with electromagnetic properties. Utilizing the
characteristic of the hyperfine interaction, the research group investigates the properties
of nuclei, and develops methods to manipulate nuclear spin, through the response of the
external substances, or conversely investigates the properties of the external substances
using nuclei as microscopic probes. For this purpose, the group has been developing new
experimental techniques based on various nuclear spectroscopic methods, aiming at
extending nuclear-physics technologies to cross-disciplinary research subjects in, e.g.,
fundamental physics and materials science.

(2) Current research activities (FY2019) and plan (until Mar. 2025)

We have conducted R&D research of the nuclear spin-oriented RI Beams induced by the
fragmentation reaction, and applied the technique to the measurement of nuclear
magnetic-dipole (20 and electric-quadrupole (¢) moments of rare RIs. In FY2019, the
Jrmoment measurement of a metastable excited (isomeric) state in %Zr at RIBF was
published and press-released. Also, the isomeric-state pz moments of the neutron-rich
nuclei 124125Ag and the ground-state ¢ moment of 2'0 were both measured. The
measurement of ground-state nuclear moments of RIs has been so far performed combining
the technique of fragmentation-induced spin-polarized RI beams with the B-ray-detected
NMR (8-NMR) method. Provided that the B-NMR method can be combined with
spin-aligned Rl beams, ground-state nuclear-moment measurements, which have never
been performed at RIBF-BigRIPS, will become possible. Its technical development was
carried out at the NIRS-HIMAC accelerator facility, where an NMR spectrum was
successfully obtained in this scheme (activities mainly at RNC).

This nuclear-reaction-based method has produced many results owing to its advantageous
feature of element-independent spin polarization. However, it is difficult to extend the
observation to further rare RIs and to other research fields such as materials science and
fundamental physics, due to the limited magnitude of polarization. Thus, we are
developing new methods/apparatus for nuclear laser spectroscopy (at CPR/RNC) and RI
atomic beam resonance spectroscopy (at CPR) that can produce highly spin-polarized RI
beams. We aim to complete the system development within the period of the mid-term plan.
In FY2019, in the former theme, we constructed a prototype of collinear laser spectroscopy
and demonstrated its performance through the observation of the isotope shifts of natural
tin isotopes. The system will be finally installed downstream the universal slow RI beam
system SLOWRI at RIBF, which is currently being developed jointly with the RNC
Instrumentation Development Group. As another approach, we are also developing a
nuclear laser spectroscopy system utilizing superfluid He (He II) as a stopping medium of
GeV-energy RI beams, taking advantage of the Stokes shift in atoms introduced into He II.
In FY2019, we evaluated the performance of a constructed prototype to catch a high-energy
heavy-ion beam in a thin layer of He II at HIMAC. Furthermore, in collaboration with the
CPR Molecular Spectroscopy Laboratory, we are also working on direct observation of the
time evolution of the Stokes shift in He II. In the latter theme, RI atomic beam resonance
spectroscopy, the development of the RI-ion trap and neutralization system, which forms a



key component of the system, is ongoing. The construction of the ion trap part has been
almost completed, and the laser development for sympathetic cooling of trapped RI atoms,
which will be integrated into the ion trap part, was carried out.

We are also working on the application of heavy-ion/RI beams to materials-science research
(at CPR/RNC). Utilizing the above-noted 20 as a nuclear spin probe, the first 8-NMR
experiment with a CuO single crystal was performed at RIBF. In addition, in collaboration
with the CPR Condensed Molecular Materials Laboratory and the RNC Accelerator Group,
experimental studies to control of the electrical conductivity of diamond were also
conducted. We also performed materials-science studies based on Mdssbauer spectroscopy,
where dilute magnetic semiconductors and gas matrix samples were studied at HIMAC
through the in-beam method with °"Mn beams, and battery electrode materials were

studied with 9%Ru produced at RIBF.
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Supplementary

Fig 1. A group photograph of the RIBF157 experiment conducted on December 2019.
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